
Abstract
Pediatric thrombosis is multifactorial, and usually risk factors either congenital or acquired are present. After 2000, systematic reviews and me-
ta-analysis on pediatric venous thromboembolic disease and inherited thrombophilia revealed elevated thrombotic risks in these children. In 
this review, we discuss thrombosis and new literature in various pediatric patient groups and the usefulness of thrombophilia testing.
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What is thrombosis?

Thrombosis is the abnormal formation of a clot com-
posed of blood elements inside a vessel. It develops as a 
result of disruption in the delicate balance between the 
procoagulant, anticoagulant, and fibrinolytic systems (1-
4). Three changes described by Virchow (5) in 1856 are 
involved in the formation of thrombosis: 

1. Changes in blood flow (rheology, stasis)
2. Changes in the vascular wall
3. Changes in the blood levels of coagulation factors 

and their inhibitors 

Although endothelial injury and platelet functions are 
important in arterial thrombosis, stasis and disorders 
of the coagulation-fibrinolytic system come to the fore-
front in venous thrombosis (5-7). In the pediatric age 
group, thrombosis occurs most frequently before the 
age of 1 year and in adolescence (1-5). The incidence of 
childhood thrombosis is 0.07-0.14/10,000 in the gener-
al population. This incidence has been reported to be 
5.3/10,000 in children presenting to hospital, 0.51/10,000 
in all newborns and 0.24/10,000 in children in neonatal 
intensive care units (1-4). With survival of many patients 
who were being lost very early in the past years, more 

frequent use of catheters and use of interventional pro-
cedures that trigger formation of thrombosis, the current 
incidence of thrombosis in children has shown a 70% 
increase (from 34/10,000 to 58/10,000) (8, 9). 

The morbidity and mortality rates are high, although it 
occurs more rarely compared with adult thrombosis and 
does not develop in the absence of a triggering factor; 
the rate of mortality related with direct venous thrombo-
embolism (VTE) is 2.2%, the frequency of post-throm-
botic syndrome is 12.4%, and the recurrence rate for 
thrombosis is 8.1% (10).

The diagnosis of thrombosis is made more frequently 
and more easily in children due to noninvasive diagnos-
tic methods [Doppler and ultrasonography (US), echo-
cardiography, computed tomography (CT) and magnet-
ic resonance imaging (MRI)]. Therefore, the concept of 
‘childhood thrombotic diseases’ is currently recognized 
and is included in the differential diagnosis of many 
conditions, whereas it had been regarded as a morbid-
ity of adulthood until the 2000s. Both pediatricians and 
patients have started to become conscious in this area.

Variance in age groups and the underlying diseases ren-
ders it difficult to conduct thrombosis studies in children 



(etiology, research, prevention) and to establish treat-
ment guidelines. Therefore, most guidelines related with 
childhood thrombosis have been prepared with inspira-
tion from adult studies.

What is the role of the tests for hereditary thrombophilia 
in thrombosis?
Performing hereditary thrombophilia tests is a common 
clinical approach in individuals with thrombosis or in their 
families. The incidence of hereditary disorders causing a 
tendency to venous thromboembolism is 5-10% in the 
general population and as high as 40% in individuals who 
have had VTE (3-8, 11, 12). Therefore, important groups 
including the Subcommittee for Perinatal and Pediatric 
Thrombosis of the Scientific and Standardization Com-
mittee (SSC) of the International Society of Thrombosis 
and Hemostasis (ISTH) recommended hereditary throm-
bophilia testing in all patients with thrombosis from the 
end of the 1990s when hereditary factors were discovered 
to the beginning of the 2010s (1, 4, 5, 13-16).

In daily practice, hereditary thrombophilia testing is 
performed because of VTE in 42% of cases, because of 
arterial thrombosis in 15-23%, and because of congeni-
tal complications in 13-17% (6-8). Individuals in whom 
hereditary thrombophilia testing is performed because 
of the presence of a family member who carries a risk 
factor for hereditary thrombophilia or who has had VTE 
constitute 12-16% of individuals tested (8). Considering 
the number of patients with thrombosis, it seems that a 
considerably high amount of money and effort is spent 
for hereditary thrombophilia tests; it was shown that 
22,000 tests were performed for factor 5 Leiden (FVL) 
and 20,000 tests were performed for prothrombin mu-
tation (PTM) in 2007 in Italy (population 60 million), and 
20,378 tests were performed for FVL in the same year in 
Australia (population 20 million) (8).

The data collected for children with thrombosis have 
caused concerns about the advantage of hereditary throm-
bophilia testing despite this much money and effort and 
caused us to ask the questions “who should we test, which 
test should we use, and when should we perform testing?” 
In this review, we aimed to demonstrate which pediatric 
cases of thrombosis required hereditary thrombophilia 
testing in light of the literature. In this way, we hope that 
unnecessary effort, money, and time will not be spent.

What is thrombophilia?
The presence of tendency to thombosis is called throm-
bophilia. Patients who spontaneously develop throm-
bosis in the absence of clinical triggering factors, who 
develop excessive VTE in comparison with the triggering 
factor, who develop recurrent thrombosis, and who de-
velop thrombosis at a young age constitute the throm-

bophilia group. In addition, carrying hereditary factors 
that cause the formation of thrombosis may also be 
interpreted as thrombophilia. An individual may have 
thrombosis without positive laboratory findings or posi-
tive laboratory findings may be present in the absence of 
thrombosis (17). 

Is thrombosis in children a hereditary disease?
Acquired and hereditary factors are involved in the 
development of the picture of thrombosis. The risk of 
thrombosis may increase in individuals who carry one 
or several hereditary thrombophilia factors, but these 
individuals may not have any thrombosis attacks for a 
life time. Presence of long asymptomatic periods be-
tween thrombosis episodes in individuals with recurrent 
thrombosis attacks is important in terms of showing the 
fact that hereditary factors alone are not sufficient and 
acquired factors are also important in the development 
of thrombosis (1-10, 17-19).

It has been shown that acquired factors cause thrombo-
sis more frequently and more efficiently compared with 
hereditary factors in childhood thrombosis (1-8). Throm-
bosis in children in the absence of any triggering factor 
occurs very rarely (less than 5% of all cases of throm-
bosis). Revel-Vilk et al. (20) found the rate of hereditary 
thrombophilia as 13% in 171 children who were found 
to have VTE. Generally, acquired factors including use of 
a catheter, malignant diseases, infection, heart disease, 
and nephrotic syndrome can be demonstrated in the 
majority of cases of childhood VTE (4, 8, 17). Hereditary 
factors are only important in the adolescence age group 
and in children who develop VTE in the absence of trig-
gering factors; the rate of hereditary thrombophilia is 
60% in these cases (20).

Racial differences are important in terms of thrombosis. 
In studies conducted in Canada, France, Italy, and En-
gland, carrying a risk factor for thrombophilia was found 
to have varying degrees of contribution to thrombosis 
(4-10). There is an inadequate number of studies in this 
area in Turkey. Multi-center prospective studies includ-
ing homogenous patient groups will be invaluable be-
cause they will reflect our country’s data.

Recommendation: Possible triggering acquired factors should 
be investigated carefully before hereditary factors in all chil-
dren with thrombosis. If there is no acquired triggering factor 
and there are other family members who have had thrombo-
sis, these children should be examined in terms of hereditary 
thrombophilia factors.

Is familial history important in children with thrombosis?
Familial history is less determinative for thrombophilia in 
adult thrombosis, whereas the presence of a family history of 

2

Turk Pediatri Ars 2018; 53: 1-9Celkan and Dikme. Thrombosis in children



thrombosis in children has shown to be the most important 
marker in multivariate analyses (21). The presence of a family 
history of thrombophilia provides important clues for per-
forming hereditary thrombophilia testing. Individuals with a 
family history of early stroke and myocardial infarction (<45 
years), thrombophlebitis episodes or pulmonary emboli after 
delivery carry a high risk in terms of thrombosis.

Recommendation: Family history of thrombosis should be tak-
en carefully in all children in whom hereditary thrombophilia 
tests are planned because of thrombosis or any other reason.

What is the value of hereditary thrombophilia tests in 
children with thrombosis?
In the examination of hereditary thrombophilia, the 
most common tests performed include antithrombin 
(AT), protein C (PC), protein S (PS), FVL and PTM tests. 
Homozygous AT, PC, PS deficiency or the presence of 
all these in association is described as ‘high-risk throm-
bophilia’ and FVL or PTM carrier state is described as 
‘low-risk thrombophilia’ (1-7, 12). It has been shown that 
children with AT deficiency have a 8.73-fold increased 
risk for VTE (95% CI: 3.12-24.42), children carrying mul-
tiple mutations carry a 8.89-fold increased risk (95% CI: 
3.43-23.06) and children with PTM have a 2.63-fold in-
creased risk (95% CI: 1.61-4.29) (5). These rates are simi-
lar to those found in adult studies (12).

There are controlled studies showing that the risk of de-
velopment of stroke and thromboembolic complications 
is higher in children carrying hereditary thrombophilia 
risk factors (4, 5). However, the literature also includes 
studies conducted by Canadian, Dutch, and German 
study groups with controversial results (4, 7, 8, 18). For 
example, it was reported that hereditary thrombophilia 
testing was unnecessary in the presence of thrombosis 
in children and newborns in one study (4, 22). Another 
study recommended PTM examination and even screen-
ing of siblings and parents in children with arterial-ve-
nous thrombosis (4, 23). When the data of both studies 
were examined, it was observed that the median age was 
2.3 months in one study and 6 years in the other, and the 
presence of catheters was very different between the two 
studies (77% in one study and 18% in the other) (4).

Although studies related with the effect of hereditary risk 
factors determined as a result of screening tests at the 
time of treatment or maintenance of prophylaxis were 
conducted, clear results that resulted in definite judge-
ments could not be obtained (24-29).

Until 5-6 years ago, it had been recommended that 
methylenetetrahydrofolate reductase (MTHFR) muta-
tion examinations should be performed and homocyste-
ine levels should be measured in patients with thrombo-

sis. However, Simone et al. (24) showed that this had no 
contribution to thrombosis. Therefore, these tests should 
no longer be included in thrombosis panels. In fact, it is 
very difficult to convince many patients who are unnec-
essarily concerned and in panic because they have been 
found to have the MTHFR gene mutation that this is not 
a dangerous mutation in daily practice.

The emergency treatment approach is the same in all 
patients with thrombosis. Therefore, knowing hereditary 
thrombophilia risk factors is not very helpful for physi-
cians in the acute thrombosis phase. The conditions for 
which hereditary tests are important in children with 
thrombosis include homozygous deficiency of AT, an-
tiphospholipid antibody syndrome (APAS), homozygous 
or combined heterozygous PC, PS or AT deficiency, and 
newborns and children with clinical purpura fulminans, 
disseminated intravascular coagulation (DIC) or large 
vessel thrombosis. In these patients, early diagnosis and 
replacement treatment (FFP or AT, PC concentrate) may 
be lifesaving. However, these cases occur considerably 
rarely in clinical practice (4, 30). 

Recommendation: Hereditary thrombophilia testing should be 
performed in the emergency period if the result will direct or 
change treatment. Otherwise, the patient should be monitored 
and this decision should be made in the follow-up. 

In adult studies, it has been shown that all hereditary 
thrombophilia factors cause predisposition to venous 
thrombosis and there is no hereditary that causes an in-
creasing tendency to arterial thrombosis except for hy-
perhomocysteinemia (5-10, 17-19). There is still no con-
sensus on the issue of which patient groups should be 
tested for hereditary thrombophilia.

In view of all this information, our general recommen-
dation for children with thrombosis is as follows: He-
reditary thrombophilia examination should be performed, if 
thrombosis is found, recurs, and occurs in abnormal regions in 
a pediatric patient and if the family history is positive. 

However, performing hereditary thrombophilia testing 
is controversial in some clinical conditions. Considering 
the great impact of acquired factors in the development 
of thrombosis in children, the decision for hereditary 
thrombophilia testing should be made by taking ‘the 
special clinical condition’ that triggers thrombosis into 
account. 

What should be taken into consideration when exam-
ining hereditary thrombophilia tests in children with 
thrombosis?
Factor 5 leiden and PTM among the hereditary throm-
bophilia tests should be examined as genetic mutation 
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analyses and the possibility of erroneous diagnosis is low 
for these tests. However, it is difficult to qualitatively per-
form AT, PC, and PS tests in which blood levels are mea-
sured and erroneously low blood levels are confronted 
more frequently compared with actual deficiency (31). 
Many different clinical conditions may cause reduction 
in PC, PS, and AT levels; 

Low levels of protein C and PS may be found with the 
use of vitamin K antagonists and oral contraceptives 
(OC), hepatic diseases, nephrotic syndrome, hemodilu-
tion, and pregnancy. 

Low levels of AT may be found with the use of heparin, 
hepatic disease, nephrotic syndrome, hemodilution, and 
after use of L-asparaginase and in disseminated intra-
vascular coagulation (DIC) syndrome. 

It should also be kept in mind that the blood levels of AT, 
PC, and PS will be reduced in relation with consump-
tion in the acute thrombosis period. The measurement 
of blood levels of AT, PC, and PS in the parents instead 
of the patient in the acute period will be supportive for 
an accurate diagnosis. The diagnosis should never be 
based on a single laboratory result and the possibility of 
transient or erroneously low levels should be excluded 
by performing at least one more test. Repeating the tests 
3-6 months after the diagnosis of thrombosis in the pe-
riod during which an anticoagulant is not used would be 
an appropriate approach (4, 8, 31-33). 

What are the special clinical conditions in the investiga-
tion of hereditary thrombophilia in children?

Before hormone-OC treatment 
Hereditary thrombophilia testing is still being ordered 
before hormone or OC treatment in many patients, 
though its redundancy has been shown and it is not 
recommended in many studies; however, this issue is 
still controversial (4, 8, 10, 12, 17). We recommend that 
hereditary thrombophilia testing before hormone-OC 
treatment should be performed according to “a careful-
ly taken personal and family history of thrombosis.” Ac-
cordingly;  

Recommendation: 1- We do not recommend hereditary throm-
bophilia testing before hormone-OC treatment in individu-
als who do not have a positive personal or family history of 
thrombosis.

2- We recommend hereditary thrombophilia testing before 
hormone-OC treatment in individuals who have a positive 
family history of thrombophilia and first-degree relatives 
with high-risk hereditary characteristics for thrombophilia 
(AT, PC, PS deficiency). 

3- We do not recommend hereditary thrombophilia testing 
before hormone treatment in individuals who have first-de-
gree relatives who are FVL or PTM carriers (low thrombo-
philia risk) and do not have a history of thrombosis. However, 
we raise the awareness of these families in terms of throm-
bosis and recommend that they should pay special attention 
to dehydration. 

Patients with malignancy  

In patients with leukemia, steroid treatment, L-asparagi-
nase treatment, and use of catheters cause thrombosis. 
Until the beginning of the 2000s, it had been recom-
mended that hereditary thrombophilia testing should 
be performed at the time of diagnosis in patients with 
leukemia, but studies showed that thrombosis developed 
in the first one month in 34% of patients leukemia with 
catheters, but it was clinically asymptomatic and no he-
reditary factors were found in any patients (34). Albiset-
ti et al. (35) found that the possibility of thrombophilia 
was lower in patients with malignancy who were found 
to have catheter-related thrombosis compared with pa-
tients who did not develop thrombosis (4%, 12%).

Recommendation: We think that it is unnecessary to perform 
hereditary thrombophilia testing in children with leukemia or 
malignancy unless the child is symptomatic or has a positive 
family history of thrombosis 

Neonatal period

Catheter-related thrombosis in newborns: Newborn pa-
tients with thrombosis are generally not included in throm-
bosis studies conducted with children. The incidence of 
VTE in newborns has been reported as 5.1/100,000 births 
(36). Park et al. (37) found the risk of thrombosis in the 
neonatal period as 9.2% in a literature review published 
in 2016 in which the years between 1948 and 2012 were 
examined. In neonatal thrombosis, acquired causes are 
found with a higher rate compared with the causes of 
hereditary thrombophilia; at least one cause is present in 
95% and catheters are blamed most commonly (36, 38). In 
newborns, catheter-related thrombosis is a rare but seri-
ous problem. Although previous studies have emphasized 
that 89% of cases of neonatal thrombosis are related with 
catheters, new studies show an association with catheters 
with a rate of 54% in venous thrombosis and with a rate 
of 27% in arterial thrombosis (34). The reason of the re-
duction of catheter-related thrombosis in newborns is ex-
plained by prophylactic administration of heparin and use 
of more appropriate catheters and better care of catheters. 
Endothelial injury, presence of foreign body, disruption of 
laminar blood flow, inflammation, and infusion of hyper-
tonic solutions are blamed in the etiology of catheter-re-
lated thrombosis. In the meta-analyses of Young et al. (22), 
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AT, PC, and PS deficiency was not found in any newborn 
with catheter-related thrombosis. One patient was found 
to be heterozygous for FVL. Similarly, hereditary throm-
bophilia factor was not found in any newborn with cathe-
ter-related thrombosis in another study (23). Berfeloe et al. 
(39) found FVL with a rate of 5% and PTM with a rate of 
11% in cases of catheter-related thrombosis; however, the 
number of subjects was very low in this study. There are 
many studies that conflict with each other in this issue in 
the literature (22, 23, 34, 39). 

In newborns, thromboses occurring in umbilical and pe-
ripheral catheters constitute 80% of all cases of thrombo-
sis. Thrombosis is most commonly found in the hepatic 
vein, right atrium, and vena cava inferior. In treatment, 
low-molecular-weight heparin may be used efficiently in 
combination with thrombolytic drugs. Although use of 
prophylactic heparin does not prevent the development 
of thrombosis, it prolongs the catheter usage time and 
reduces the possibility of occlusion (37, 40).

Recommendation: We do not recommend hereditary thrombo-
philia testing in newborns with catheter-related thrombosis in 
light of the current information.

Non-catheter–related thromboses in newborns: The most 
common non-catheter–related thrombosis in newborns is 
renal vein thrombosis (RVT). Approximately 57% are bilat-
eral and the thrombus extends to the vena cava inferior in 
more than half of all cases. Perinatal asphyxia, intrauterine 
growth retardation, sepsis, and polycythemia are risk fac-
tors. Its incidence is 2.2/100,000. The possibility of hered-
itary thrombophilia is higher in newborns with renal vein 
thrombosis compared with newborns with catheter-related 
thrombosis. In two comprehensive studies conducted in re-
lation with this issue, the presence of hereditary thrombo-
philia was found with a rate of 43% in one study and at 68% 
in the other study (35, 37).  Additional acquired risk factors 
including asphyxia, sepsis, diabetic mother, and catheters 
are also present in addition to hereditary thrombophilia in 
patients with renal vein thrombosis (4, 8, 40, 41). 

Recommendation: We recommend hereditary thrombophilia 
testing in newborns with renal vein thrombosis.   

Children with heart disease 
In children with heart disease, venous (52.5%), arterial 
(35.6%), venous and arterial (11.9%) thrombosis may be 
observed. The most important cardiac risk factors for the 
development of thrombosis include congenital heart dis-
ease and cardiomyopathy. The other important acquired 
risk factors include surgery, angiography, presence of 
catheter, infection, and hypoxia. The contribution of he-
reditary thrombophilia to thrombosis is considerably low 
in children with cardiac disease (4, 42).

Recommendation: Hereditary thrombophilia testing has no 
advantage in thromboses in children with congenital heart 
disease. 

Children with nephrotic syndrome;
In children with nephrotic syndrome, thrombosis sec-
ondary to AT and PS deficiency may develop and its rate 
has been reported as 9-36%. In patients with nephrot-
ic syndrome with thrombosis, hypoalbuminemia (83%) 
and infection (31%) are blamed more than hereditary 
thrombophilia (10,43).

Recommendation: Hereditary thrombophilia testing has no 
advantage in children with nephrotic syndrome who develop 
thrombosis.

Stroke-transient ischemic attack
When stroke and transient ischemic attack is found in the 
neonatal period, AT, PC, and PS deficiency should be con-
sidered specifically. However, it should be kept in mind that 
AT, PC, and PS are physiologically low in newborns and 
one should pay attention to this aspect when making the 
diagnosis. It would be more appropriate to reevaluate the 
patient after thrombosis recovers and the blood levels reach 
the adult level (after the age of 6 months-1 year) (4, 8, 32). 

Studies have shown that the incidence of stroke and tran-
sient ischemic attack in newborns and children is increased 
7.06-fold (95% CI: 2.44-22.42) in AT deficiency, 8.76-fold 
(95% CI: 4.53-16.96) in PC deficiency, 3.20-fold (95% CI: 
1.22-8.40) in PS deficiency, 3.26-fold (95% CI: 2.59-4.10) in 
FVL mutation, 2.43-fold (95% CI: 1.67-3.51) in PTM, 1.58-
fold (95% CI: 1.20-2.08) in MTHFR mutation, 6.95-fold 
(95% CI: 3.67-13.14) in the presence of APA, 6.27-fold (95% 
CI: 4.52-8.69) with an increase of lipoprotein (a) and 11.86-
fold (95% CI: 5.93-23.73) in the presence of combined he-
reditary thrombophilia risk factors (4, 20, 44, 45). 

Generally, the presence of thrombophilia has been re-
ported with a rate of 20-50% in childhood strokes, sim-
ilar to VTE. In older children, PC deficiency, increased 
lipoprotein (a), FVL and PTM are risk factors for the re-
currence of stroke (4).

Recommendation: It would be appropriate to perform heredi-
tary thrombophilia testing in children with findings of stroke 
and transient ischemic attack. 

Do hereditary thrombophilia tests have an impact upon 
anticoagulant treatment-prophylaxis time?
In patients with thrombosis, treatment is administered 
for 2-6 weeks and subsequently, prophylactic anticoagu-
lant treatment is administered for 3-6 months to prevent 
recurrence of thrombosis. Another objective of hereditary 
thrombophilia testing in children is to determine which 
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patients may develop recurrence of thrombosis (46-49). 
There is no controlled study related with the advantage 
of prolonging thrombosis treatment and prophylaxis ac-
cording to the results of hereditary thrombophilia tests in 
children (4, 5, 8, 17). In adult studies, the relative impact 
of the presence of hereditary thrombophilia on recurrent 
thrombosis [RR (relative risk)] is 1,4-2,5 and it has been ad-
vocated that it is not a very appropriate approach to decide 
the time of anticoagulant prophylaxis according to the 
presence of hereditary thrombophilia in adults (47). 

In a pediatric study related with this issue, children who 
were found to have thrombosis were divided into three 
groups; anticoagulant treatment was given for three 
months in one group without performing hereditary 
thrombophilia testing, for six months in another group 
without performing hereditary thrombophilia testing, 
and for three months or six months according to tests 
result by performing hereditary thrombophilia test. 
When the results were evaluated, it was observed that 
the lowest cost and the highest efficiency was obtained 
in the patient group in which hereditary thrombophilia 
testing was not performed and anticoagulant treatment 
was given for three months (46). It was also observed 
that prolonging anticoagulant treatment in patients who 
hereditarily carried a high risk of thrombophilia did not 
provide advantage in terms of recurrence of thrombo-
sis or development of complications. In contrast, some 
studies have shown that the risk of hemorrhage was 
higher compared with the risk of thrombosis in children 
who used anticoagulant treatment for a long time be-
cause they carried a hereditary thrombophilia risk fac-
tor (13, 22). The other patient group who may develop 
thrombosis in the absence of a triggering factor and who 
need long-term anticoagulant treatment comprises pa-
tients who are found to have APA. However, these anti-
bodies may be found to be transiently increased in some 
healthy children and it is not considered very appropri-
ate to give anticoagulant treatment to children with APA 
in the absence of thrombosis, because thrombosis occurs 
very rarely in healthy children (0.07/100,000). 

Recommendation: 1- Prolonging anticoagulant treatment ac-
cording to hereditary thrombophilia test result may be helpful 
in children with thrombosis. 

2- Prolonging the prophylaxis time may be helpful in children 
who carry a high risk of thrombosis according to hereditary 
thrombophilia test result (AT, PC, and PS, homozygous FVL 
or multiple hereditary risks)

Should children of families carrying hereditary thrombo-
philia factor be investigated?
Another advantage of performing thrombophilia testing 
in children is the detection of hereditary risk factors in 

individuals who are as yet clinically asymptomatic. It is 
known that the risk of thrombosis is higher in individu-
als who are carriers for PC, PS and AT mutations in pres-
ence of triggering factor compared with carriers of FVL 
or PTM mutations (12). The risk of thrombosis in use of 
OCs is 4.3% in individuals with a positive family history 
of thrombosis, 0.7% in individuals with a negative family 
history of thrombosis, and 0.04% in the general popula-
tion (9). Thrombosis prophylaxis may be helpful in these 
individuals in acquired conditions increasing the risk of 
thrombosis including use of OCs, hormone treatment, 
pregnancy, and puerperium. Relieving individuals with a 
positive family history of thrombosis who have normal 
PC, PS, AT, FVL, PTM tests may lead to an erroneous influ-
ence (12). A much higher risk for thrombosis in these indi-
viduals who have no hereditary risk factor for thrombosis 
compared with the general population suggests that there 
may be other hereditary factors that we do not know yet. 
However, Franchini et al. (11) did not recommend per-
forming of measurements that have not been proven to 
be definitely associated with thrombosis including homo-
cysteine, MTHFR, tissue factor pathway inhibitor, coagu-
lation factor level, lipoprotein (a), thrombomodulin, endo-
thelial protein C receptor, angiotensin converting enzyme, 
protein Z and protein Z-dependent protease inhibitor, and 
disintegrin and metalloproteinase with thrombospondin 
motifs (ADAMTS13) in these patients. 

Many physicians who care for adults find it appropriate 
to screen asymptomatic family members of patients with 
thrombophilia. Screening is more strongly recommended 
especially in women of childbearing age who carry a risk 
for VTE. In contrast to adults, the contribution of hereditary 
thrombophilia in the development of VTE and its compli-
cations is still controversial in healthy children. The liter-
ature contains a small number of studies examining the 
frequency of thrombosis in young (aged below 15 years) 
family members of patients with thrombosis (4-10, 17-19). 
In one study conducted in this area, young (aged below 15 
years) family members of adult patients who had throm-
bophilia symptoms were followed up for 5 years and no 
symptomatic or asymptomatic VTE attack was observed in 
these children, 26% of whom were found to have one or 
multiple hereditary thrombophilia risk factors. Again, the 
frequency of thrombosis was not found to be different in 
these children compared with healthy children, although 
thrombosis prophylaxis was not administered in the pres-
ence of acquired factors (surgery, trauma) (10). This study is 
valuable in terms of showing that thrombosis prophylaxis 
is not necessary in children carrying hereditary risk factors 
even following surgery or trauma. 

If tests are being planned to be performed because the 
child is a member of a family with a history of multiple 
thromboses, it would be more appropriate to perform 
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these tests at advanced ages when the risk of exposure 
to acquired factors is increased because thrombosis re-
lated with hereditary thrombophilia alone is very rare 
in children. In addition, it should be kept in mind that 
blood levels of PC, PS, and AT, which are high-risk factors 
for thrombophilia, are physiologically low in childhood 
because of having an immature hemostasis system and 
may lead to incorrect diagnoses. 

On the other hand, stress caused by the state of carrying 
a hereditary thrombophilia risk factor may lead to differ-
ent problems. There are no qualified pediatric studies in 
this area. However, Cohn et al. (50) showed that carrying 
a hereditary risk factor increased the percentage of anxi-
ety from 27% to 43% in adults, though it did not cause as 
much concern as the state of carrying a hereditary risk for 
breast cancer. It is not easy to convince individuals who 
have no symptoms to have injections every day in risky pe-
riods. This is especially more difficult in pediatric patients. 

Recommendation: It is not necessary to perform hereditary 
thrombophilia testing in children aged below 15 years in fami-
lies who carry only hereditary thrombophilia risk factors. 

Thus far, we have summarized the following:

Which children should be examined in terms of  
thrombophilia?

Should asymptomatic family members be examined?

Should prophylaxis be given to children who carry a risk 
of thrombophilia especially in periods during which 
problems may occur?
It is evident that these issues are not clear and there are 
gaps. Therefore, multi-center controlled studies should 
be conducted with study groups composed of homo-
geneous patients and carriers who have not developed 
thrombosis and long-term, risky periods and problemat-
ic conditions should also be monitored in these studies. 
When pediatricians are confronted with a patient with 
thrombosis, they should take family history carefully, 
share the risks with the family, and implement the best 
treatment approach for each patient by consulting cen-
ters that see more patients in this area, if necessary. A 
good pediatrician should know that they should monitor 
newborns or children with malignancy who have under-
gone catheter placement and children who receive che-
motherapy including mainly L-asparaginase or children 
with congenital heart disease in terms of development 
of thrombosis more closely compared with children who 
carry hereditary thrombophilia risk factor (4-11).

However, pediatricians avoid anticoagulant treatment 
in thromboses in children because they are wary of 

complications, especially in the neonatal period. The 
majority administer conservative treatment for renal, 
central nervous system, and even sinovenous throm-
boses because of the presentation of a single case in 
most publications, scarcity of studies including large 
series, great difference between the clinical pictures 
and courses of thrombosis in adults and children, use 
of adult guidelines as treatment schedules and adjust-
ment of doses and preparations of medications accord-
ing to adults; pediatricians have contented themselves 
with fluid, electrolyte treatment, and adjustment of 
blood pressure.

Our aim in thrombosis treatment is the prevention of 
enlargement of thrombosis; pulmonary, central ner-
vous system, and other vital organ emboli; recurrence 
of thrombosis; and mortality. The rate of mortality relat-
ed with thrombosis is lower in children compared with 
adults. This rate has been reported to be 3% in studies 
conducted in recent years. The risk of pulmonary emboli 
in patients who have been found to have thrombosis is 
close to the rate of deep vein thrombosis (20%) (4, 5, 8, 
10, 17). 

Children with thrombosis should absolutely be evaluat-
ed carefully and treated rapidly because the risk of re-
currence is high, the possibility of finding an underlying 
cause is high, and they have a 60-80–year lifetime ahead. 
The success rate of achieving normal blood flow in the 
obstructed vessel in children is 50% with anticoagulant 
drugs and 90% with thrombolytic treatment. The pedia-
trician’s mission is to make the diagnosis and administer 
treatment, and to implement preventive health service 
(to prevent the development of thrombosis). 

In conclusion, the association between hereditary throm-
bophilia and VTE is well known in adults. Acquired fac-
tors are more predominant in thrombosis in the pedi-
atric age group. It is not yet known what contribution 
the presence of hereditary thrombophilia factor makes 
to the risk in children with predisposition to thrombosis 
who have undergone catheter placement and been di-
agnosed as having congenital heart disease or nephrotic 
syndrome. The association between hereditary throm-
bophilia and recurrence of thrombosis is not clear either. 
Hereditary thrombophilia test results do not change the 
treatment plan in children. However, it would be help-
ful to administer thrombosis prophylaxis in risky periods 
(e.g., surgery, pregnancy, puerperium, OCs use, immobil-
ity) when asymptomatic individuals with AT, PC, and PS 
deficiency are known in advance. We think that throm-
bophilia testing will not be helpful in children aged be-
low 15 years because thrombosis related with thrombo-
philia alone is very rare. We think the following will be 
helpful for patients: 
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1. Effective treatment in conditions where fluid loss 
occurs intensively because of fever, diarrhea and 
vomiting, and hematocrit increases secondarily pre-
disposing to thrombosis in terms of rheology,

2. Avoiding long-term immobility (surgery, orthopedic 
problems),

3. Avoiding long journeys, 
4. We think that informing about healthy nutrition and 

lifestyle (avoiding smoking, doing physical exercise) 
will be as helpful as hereditary thrombophilia testing 
and thrombosis prophylaxis.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - T.C., G.D.; Design - T.C., G.D.; 
Supervision - T.C., G.D.; Funding - T.C., G.D.; Materials - T.C., 
G.D.; Data Collection and/or Processing - T.C., G.D.; Analysis 
and/or Interpretation - T.C., G.D.; Literature Review - T.C., G.D.; 
Writing - T.C., G.D.; Critical Review - T.C., G.D.

Conflict of Interest: No conflict of interest was declared by the 
authors.

Financial Disclosure: The authors declared that this study has 
received no financial support.

References

1. Gürgey A. Tromboz. Katkı Dergisi 2001; 22: 170-217.
2. Celkan T. Çocukluk çağında kalıtsal nedenli tromboz. Türk 

Pediatri Arşivi 2003; 3: 131-46.
3. Yang JY, Chan AK. Pediatric thrombophilia. Pediatr Clin 

North Am 2013; 60: 1443-62. [CrossRef ]
4. Raffini L. Thrombophilia in children: who to test, how, 

when, and why? Hematology Am Soc Hematol Educ Pro-
gram 2008: 228-35. [CrossRef ]

5. Van Ommen CH, Middeldorp S. Thrombophilia in child-
hood: to test or not to test? Semin Thromb Hemost 2011; 
37: 794-801.  [CrossRef ]

6. Tormene D, Gavossos S, Rosette V, Simioni P. Thrombosis 
and thrombophilia in children. Semin Thromb Hemost 
2006; 32: 724-8. [CrossRef ]

7. Andrew M, David M, Adams M, et al. Venous thrombo-
embolic complications (VTE) in children: first analyses 
of the Canadian Registry of VTE. Blood 1994; 83: 1251-
7. 

8. De Stefano V, Rossi E. Testing for inherited thrombophilia 
and consequences for antithrombotic prophylaxis in pa-
tients with venous thromboembolism and their relatives. 
A review of the Guidelines from Scientific Societies and 
Working Groups. Thromb Haemost 2013; 110: 697-705. 
[CrossRef ]

9. Klaassen ILM, van Ommen H, Middeltorp S. Manifesta-
tions and clinical impact of pediatric inherited thrombo-
philia. Blood 2015; 125: 1073-7. [CrossRef ]

10. Tormene D, Simioni P, Prandoni P, et al. The incidence 
of venous thromboembolismin thrombophilic children: 
a prospective cohort study. Blood 2002; 100: 2403–5. 
[CrossRef ]

11. Franchini M, Martinelli I,  Mannucci PM. Uncertain 
thrombophilia markers. Thromb Haemost 2016; 115: 25-
30. [CrossRef ]

12. Middeldorp S. Inherited thrombophilia: a double-edged 
sword. Hematology Am Soc Hematol Educ Program 2016; 
2016: 1-9. [CrossRef ]

13. Baglin T, Gray E, Greaves M, et al. British Committee for 
Standards in Haematology. Clinical guidelines for testing 
for heritable thrombophilia. Br J Haematol 2010; 149: 209-
20. [CrossRef ]

14. Middeldorp S, van Hylckama Vlieg A. Does thrombophilia 
testing help in the clinical management of patients? Br J 
Haematol 2008; 143: 321-35. [CrossRef ]

15. Pernod G, Biron-Andreani C, Morange PE, et al. French 
Group on Haemostasis and Thrombosis; French Society of 
Vascular Medicine. Recommendations on testing for throm-
bophilia in venous thromboembolic disease: a French con-
sensus guideline. J Mal Vasc 2009; 34: 156-203. [CrossRef ]

16. Favaloro EJ, Bonar R, Kershaw G, Duncan E, Sioufi J, Mars-
den K. Investigations from external quality assurance pro-
grams reveal a high degree of variation in the laborato-
ry identification of coagulation factor inhibitors. Semin 
Thromb Hemost 2009; 35: 794-805. [CrossRef ]

17. Tormene D, Pagnan A, Prandoni P, Simioni P. Screening 
for thrombophilia in children: a puzzling decision with 
unclear implications. J Thromb Haemost  2004; 2: 1193-4. 
[CrossRef ]

18. Ehrenforth S, Junker R, Koch HG, et al. Multicenter evalu-
ation of combined prothrombotic defects associated with 
thrombophilia in childhood. Eur J Pediatr 1999; 158: 97-
104. [CrossRef ]

19. Vossen CY, Conard J, Fontcuberta J, et al. Risk of a first 
venous thrombotic event in carriers of a familial throm-
bophilic defect. The European Prospective Cohort on 
Thrombophilia (EPCOT). J Thromb Haemost 2005; 3: 459-
64. [CrossRef ]

20. Revel-Vilk, A.Chan, M.Bauman, P.Massicotte. Prothrom-
botic conditions in an unselected cohort of children 
with venous thromboembolic disease. J Thromb Hae-
most 2003;1: 915-21. [CrossRef ]

21. Palareti G, Legnani C, Cosmi B, et al. Predictive value of 
D-dimer test for recurrent venous thromboembolism af-
ter anticoagulation withdrawal in subjects with a previous 
idiopathic event and in carriers of congenital thrombo-
philia. Circulation 2003; 108: 313-8. [CrossRef ]

22. Young G, Manco-Johnson M, Gill JC, et al. Clinical mani-
festations of the prothrombin G20210A mutation in chil-
dren: a paediatric coagulation consortium study. J Thromb 
Haemost 2003; 1: 958-62. [CrossRef ]

23. Thom K, Male C, Mannhalter C, et al. No impact of endog-
enous prothrombotic conditions on the risk of central ve-
nous line-relatedthrombotic events in children: results of 
the KIDCAT study (KIDs with Catheter AssociatedThrom-
bosis). J Thromb Haemost 2014; 12: 1610-5. [CrossRef ]

24. Simone B, De Stefano V, Leoncini E. Risk of venous throm-
boembolism associated with single and combined effects 
of factor V Leiden, prothrombin 20210A and methylenete-
thraydrofolate reductase C677T: a meta-analysis involving 
over 11,000 cases and 21,000 controls. Eur J Epidemi-
ol  2013; 28: 621-47. [CrossRef ]

8

Turk Pediatri Ars 2018; 53: 1-9Celkan and Dikme. Thrombosis in children

https://doi.org/10.1016/j.pcl.2013.09.004
https://doi.org/10.1182/asheducation-2008.1.228
https://doi.org/10.1055/s-0031-1297170
https://doi.org/10.1055/s-2006-951457
https://doi.org/10.1160/TH13-01-0011
https://doi.org/10.1182/blood-2014-05-536060
https://doi.org/10.1182/blood-2002-04-1186
https://doi.org/10.1160/TH15-06-0478
https://doi.org/10.1182/asheducation-2016.1.1
https://doi.org/10.1111/j.1365-2141.2009.08022.x
https://doi.org/10.1111/j.1365-2141.2008.07339.x
https://doi.org/10.1016/j.jmv.2009.02.005
https://doi.org/10.1055/s-0029-1245112
https://doi.org/10.1111/j.1538-7836.2004.00755.x
https://doi.org/10.1007/PL00014359
https://doi.org/10.1111/j.1538-7836.2005.01197.x
https://doi.org/10.1046/j.1538-7836.2003.00158.x
https://doi.org/10.1161/01.CIR.0000079162.69615.0F
https://doi.org/10.1046/j.1538-7836.2003.00116.x
https://doi.org/10.1111/jth.12699
https://doi.org/10.1007/s10654-013-9825-8


25. Prandoni P, Noventa F, Ghirarduzzi A, et al. The risk of 
recurrent venous thromboembolism after discontinuing 
anticoagulation in patients with acute proximal deep vein 
thrombosis or pulmonary embolism. A prospective cohort 
study in 1,626 patients. Haematologica 2007; 92: 199-205. 
[CrossRef ]

26. Baglin T, Luddington R, Brown K, et al. Incidence of re-
current venous thromboembolism in relation to clinical 
and thrombophilic risk factors: prospective cohort study. 
Lancet 2003; 362: 523-6. [CrossRef ]

27. Simioni P. Risk of recurrent venous thromboembolism 
and thrombophilia: does discrepancy make complexity or 
vice versa ? J Thromb Haemost 2003; 1: 16-8. [CrossRef ]

28. Tosetto A, Iorio A, Marcucci M, et al. Predicting disease 
recurrence in patients with previous unprovoked venous 
thromboembolism: a proposed prediction score (DASH). J 
Thromb Haemost 2012; 10: 1019-25. [CrossRef ]

29. Cohn DM, Vansenne F, de Borgie CA, et al. Thrombophilia 
testing for prevention of recurrent venous thromboem-
bolism. Cochrane Database Syst Rev 2012; 12: CD007069. 
[CrossRef ]

30. Kearon C, Akl EA, Comerota AJ, et al. American College of 
Chest Physicians. Antithrombotic therapy for VTE disease: 
Antithrombotic therapy and prevention of thrombosis, 9th 
ed: American College of Chest Physicians Evidence Based 
Clinical Practice Guidelines. Chest 2012; 141: e419S-94S. 

31. Lijfering WM, Brouwer JL, Veeger NJ, et al. Selective test-
ing for thrombophilia in patients with first venous throm-
bosis: results from a retrospective family cohort study on 
absolute thrombotic risk for currently known thrombo-
philic defects in 2479 relatives. Blood 2009; 113: 5314-22. 
[CrossRef ]

32. Carraro P; European Communities Confederation of Clin-
ical Chemistry and Laboratory Medicine, Working Group 
on Guidelines for Investigation of Disease. Guidelines for 
the laboratory investigation of inherited thrombophilias. 
Recommendations for the first level clinical laboratories. 
Clin Chem Lab Med 2003; 41: 382-91. [CrossRef ]

33. Lussana F, Dentali F, Abbate R, et al. Italian Society for Hae-
mostasis and Thrombosis. Screening for thrombophilia 
and antithrombotic prophylaxis in pregnancy: Guidelines 
of the Italian Society for Haemostasis and Thrombosis 
(SISET). Thromb Res 2009; 124: e19-25. [CrossRef ]

34. Mitchell LG, Andrew M, Hanna K, et al. A prospective 
cohort study determining the prevalence of thrombotic 
events in children with acute lymphoblastic leukemia and 
a central venous line who are treated with L-asparaginase: 
results of the Prophylactic Antithrombin Replacement in 
Kids with Acute Lymphoblastic Leukemia Treated with 
Asparaginase (PARKAA) Study. Cancer 2003; 97: 508-16. 
[CrossRef ]

35. Albisetti M, Kellenberger CJ, Bergsträsser E, et al. Port-a-
cath-related thrombosis and postthrombotic syndrome in 
pediatric oncology patients. J Pediatr 2013; 163: 1340-6. 
[CrossRef ]

36. Hanmod SS, Jesudas R, Kulkarni R, Chitlur M. Neona-
tal hemostatic disorders: issues and challenges. Semin 
Thromb Hemost 2016; 42: 741-51. [CrossRef ]

37. Park CK, Paes BA, Nagel K, et al. Neonatal central venous 
catheter thrombosis: diagnosis, management, and outcome. 
Blood Coagul Fibrinolysis. 2016 Jul 29. [Epub ahead of print]

38. Saracco P, Bagna R, Gentilomo C, et al.  Neonatal Working 
Group of Registro Italiano   Trombosi Infantili (RITI). Clin-
ical Data of Neonatal Systemic Thrombosis. J Pediatr 2016; 
171: 60–6.e1. [CrossRef ]

39. Berfelo FJ, Kersbergen KJ, van Ommen CH, et al. Neonatal 
cerebral sinovenous thrombosis from symptom to out-
come. Stroke 2010; 41: 1382-8. [CrossRef ]

40. Michot C, Garnier A, Neve M, Naudin J, Tsapis M, Dauger 
S. Neonatal renal venous thrombosis: the recent experi-
ence of Robert-Debré Hospital. Arch Pediatr 2011; 18: 
1055-61. [CrossRef ]

41. Resontoc LP, Yap HK. Renal vascular thrombosis in 
the newborn. Pediatr Nephrol 2016; 31: 907-15. [CrossRef ]

42. Alioglu B, Avci Z, Tokel K, Atac FB, Ozbek N. Thrombo-
sis in children with cardiac pathology: analysis of acquired 
and inherited risk factors. Blood Coagul Fibrinolysis 2008; 
19: 294-304. [CrossRef ]

43. Kerlin BA, Ayoob R, Smoyer WE; Epidemiology and patho-
physiology of nephrotic syndrome–associated thrombo-
embolic disease. clin j am soc nephrol 2012; 7: 513-20 
[CrossRef ]

44. Eltayeb AA, Askar GA, Abu Faddan NH, Kamal TM. Pro-
thrombotic risk factors and antithrombotic therapy 
in children with ischemic stroke. Ther Adv Neurol Disord  
2015; 8: 71-81. [CrossRef ]

45. Nowak-Gottl U, Strater R, Heinecke A, et al. Lipoprotein (a) 
and genetic polymorphism of clotting factor V, prothrom-
bin, and methylenetetrahydrofolate reductase are risk fac-
tors of spontaneous ischemic stroke in childhood. Blood 
1999; 94: 3678-82. 

46. O’Brien SH, Smith KJ. Using thrombophilia testing to de-
termine anticoagulation duration in pediatric thrombo-
sis is not cost-effective. J Pediatr 2009; 155: 100-4. [CrossRef ]

47. De Stefano V, Simioni P, Rossi E, et al. The risk of recurrent 
venous thromboembolism in patients with inherited defi-
ciency of natural anticoagulants antithrombin, protein C, 
and protein S. Haematologica 2006; 91: 695-8. 

48. Vossen CY, Walker ID, Svensson P, et al. Recurrence rate 
after a first venous thrombosis in patients with familial 
thrombophilia. Arterioscler Thromb Vasc Biol 2005; 25: 
1992-7. [CrossRef ]

49. Nowak-Gottl U, Junker R, Kreuz W, et al. Childhood 
Thrombophilia Study Group. Risk of recurrent venous 
thrombosis in children with combined prothrombotic risk 
factors. Blood 2001; 97: 858-62. [CrossRef ]

50. Cohn DM, Vansenne F, Kaptein AA, De Borgie CA, Mid-
deldorp S. The psychological impact of testing for throm-
bophilia: a systematic review. J Thromb Haemost 2008; 6: 
1099-104. [CrossRef ]

9

Turk Pediatri Ars 2018; 53: 1-9 Celkan and Dikme. Thrombosis in children

https://doi.org/10.3324/haematol.10516
https://doi.org/10.1016/S0140-6736(03)14111-6
https://doi.org/10.1046/j.1538-7836.2003.00094.x
https://doi.org/10.1111/j.1538-7836.2012.04735.x
https://doi.org/10.1002/14651858.CD007069.pub3
https://doi.org/10.1182/blood-2008-10-184879
https://doi.org/10.1515/CCLM.2003.059
https://doi.org/10.1016/j.thromres.2009.06.031
https://doi.org/10.1002/cncr.11042
https://doi.org/10.1016/j.jpeds.2013.06.076
https://doi.org/10.1055/s-0036-1593415
https://doi.org/10.1016/j.jpeds.2015.12.035
https://doi.org/10.1161/STROKEAHA.110.583542
https://doi.org/10.1016/j.arcped.2011.07.011
https://doi.org/10.1007/s00467-015-3160-0
https://doi.org/10.1097/MBC.0b013e3282fe73b1
https://doi.org/10.2215/CJN.10131011
https://doi.org/10.1177/1756285615573690
https://doi.org/10.1016/j.jpeds.2009.01.011
https://doi.org/10.1161/01.ATV.0000174806.76629.7b
https://doi.org/10.1182/blood.V97.4.858
https://doi.org/10.1111/j.1538-7836.2008.03005.x

